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Introduction
"Every tooth in a man's head is more valuable than a diamond" Miguel de Cervantes, Don Quixote, 1605.
In recent years there has been a developing trend towards the use of advanced materials in the dental replacement industry. Examples include; Porcelain, Compomers, Composite Resins, Glass Ionomer cement and Zirconium Oxide. However, the use of metallic replacement materials is still widespread.
An important area of work is in investigating the use of stainless steel for crowns and retainers as well as implants, a common scenario, especially in developing countries where the economic benefits of using stainless steel far outweigh the aesthetic performance and the slight toxicity risks [1] . The importance of tribo-corrosive synergy in Stainless Steel is also not limited to dental applications and the very same machines which produce the corrosive foodstuffs which we consume are also affected.
It has been shown that the average human set of teeth experiences between 15 and 30 minutes of contact loading per day which accounts for around 9cm per tooth of sliding distance each day [2] , a significant high rate given that the general expectation is that such replacement materials should last for years. To date, there have been over 1000 studies [3] on the performance of both human teeth as well as artificial replacement materials. The outcomes of these studies have led to the identification of a wide range of physical properties in such materials, including wear and corrosion resistance as well as hardness and fatigue characteristics.
There has also been a significant advancement in the techniques used to evaluate the performance of such materials with regard to their corrosion and wear resistance however few studies have been conducted which seek to quantify the important phenomena of tribo-corrosive synergy. For example, most of the studies in the field of tribo-corrosion in the past 10 years focus on only a limited number of solutions such as Ringer's Solution [4] [5] as well as Oils (Biological and Synthetic) [6] , NaCl [7] , Bovine Serum [7] and H 2 SO 4 [8] and water [9] which all tend to have applications in either prosthesis or industry. Until now, there have been no tribo-corrosion synergy studies which seek to document the effect of common liquid consumables such as milk and orange juice. Such solutions in combination with hard particles from foodstuffs during consumption could give rise to significant tribo-corrosive synergy and may significantly reduce the life expectancy of dental components. The importance of wear synergy in these systems cannot be underestimated and may give rise to significantly higher wear rates. Additionally the effect of tooth brushing and involuntary teeth grinding (bruxism) can also lead to significant wear of teeth and dental materials.
The aim of this paper is to investigate the effect of some common drinks on the tribocorrosive performance of 316 L Stainless Steel. This is a complex set of test conditions as not only will the pH be varying between solutions but the viscosity will also be varying. The importance of these variables will be explored throughout this paper. Additionally in response to the recent drive to create maps of tribo-corrosive wear [9] [10] this paper will also set out to create a series of maps.
Experimental Details
Micro-abrasion tests were carried out using the commercially available TE-66 microabrasion tester (Plint and partners Phoenix, UK). The rig consists of a 25mm UHMWPE ball which is located between two co-axial shafts. Each shaft is carried in a support bearing. One shaft is driven by a variable speed DC motor whilst the other shaft is connected to a peristaltic pump which is used to provide a slurry feed to the surface-counterface contact. A batch counter is connected to the motor to measure and control the number of shaft revolutions.
In this apparatus the test sample is clamped onto a platform which is attached to a pivoted L-shaped arm. The arm is rotated about its pivot until the sample just comes into contact with the ball and no more. This can be achieved by moving a counterweight on the other end of the L-shaped arm.
Loads can be applied to the arm by means of dead weights which are hung on a weight stack at the extreme end of the arm. The arm which holds the sample is not limited to rotating about an axis but can also moved horizontally along the same axis of rotation. By moving the arm in such a way it was possible to perform several different tests on the same sample. In all experiments the abrasive particles were Alumina with an average size of 9 microns. The Alumina was supplied by Logitech UK. These particles were mixed with various solutions to produce an abrasive slurry. The complete list of solutions tested can be found in table 1. To prevent the particles from flocculating it was necessary to constantly agitate them. This was achieved by using a laboratory magnetic stirrer. The slurry was stored in a reservoir and delivered to the contact via a peristaltic pump as stated previously. In all experiments the slurry concentration of 30g/l was fed to a position directly above the wear contact.
UHMWPE was used as the ball material as this provided an inert surface against which corrosion of the counterface could be measured during the micro-abrasion tests. Prior to testing all samples were ground and polished using 1200 Grit SiC paper. Following the tests, each sample was examined by means of a profile projector and optical microscopy.
The measured wear scars were then used to calculate the removed volume using the standard technique for wear scars of spherical geometry. This technique assumes that the wear scar is perfectly spherical and therefore relies on a perfectly circular worn area. It is recognised that in some tests the worn geometry is not perfectly circular and this may lead to slight errors in the calculated wear volumes. The wear volume V by a standard technique [12] with the following formula:
where b is the wear scar diameter and R the UHMWPE ball diameter. In all test scenarios two separate experiments were conducted for the same loading conditions to reduce the associated errors.
Corrosion rates were estimated using a Gill AC electrochemical interface (ACM instruments, UK). In this set up the test sample is connected to the working electrode, a reference electrode is connected via capillary tube which allows electrolyte to flow from the contact interface to the reference electrode. A Platinum-Titanium wire mesh connected the corrosion circuit to the auxiliary electrode.
The samples were electrically insulated from the surrounding environment by means of non-conductive tape at all points except a constant exposed area at the point of interaction between the ball and the sample. The sample holder apparatus was composed of nonconductive polymer.
During corrosion tests all samples were held for an initial stabilisation period of 30 seconds at -1 V (Saturated Calomel Electrode). Polarisation curves during simultaneous micro-abrasion-corrosion were measured from -1 to +0.5V at a sweep rate of 3.125 mV s -1 .
Figure 1 Experimental Apparatus
It is desirable to carry out such tests under de-aerated conditions however this was not possible due to a lack of equipment. It is important to understand however that in such electrochemical experiments a constant background cathodic current due to oxygen reduction will always be present at potentials less than Ecorr (equilibrium potential). In corrosion experiments which have been conducted in non-de-aerated atmospheres it is necessary to compensate for the presence of oxygen reduction currents to obtain accurate corrosion measurements.
Unfortunately in scenarios where the measured anodic current is comparable in magnitude to the background oxygen reduction current, the measured true current is small enough to be very sensitive to experimental errors. In this study, the uncorrected data has been reported for the polarization and weight change data to reduce error sensitivity in the micro-abrasion-corrosion maps. Full experimental details can be found in table 2. 
Materials
The stainless steel samples were supplied by Avesta Works. The stainless steel brand name was Outo Kumpu. During production the steel was hot rolled and finished using treatment 1D (Mill Edge). Additionally the steel was annealed by heating to 1100 o C and then quenched using forced air and water.
Hardness tests on the unworn and wear scar surfaces revealed that there was a reduction in material hardness. This is likely due to a thin layer of work hardened material on the surface of the steel due to the production processes previously mentioned. The density of this steel was 7990 kg/m 3 . The UHMWPE ball was manufactured by injection moulding and supplied by K-Mac Plastics. The ball hardness was 500Hv.
Results

Polarisation Curves
Figure 2(a) shows the polarisation curves obtained for the various beaker experiments. Passive behaviour can clearly be seen on the milk and soda curves and both cola and orange show pre passivation phenomena. Anodic current densities are also considerably lower for all solutions tested in the beaker experiments than in the abrasion-corrosion experiments (figures 2(b)-(e)) which indicates that passivation is taking place. Figures 2 (b-e) shows the polarization curves obtained for the corrosive slurry experiments. It can be seen in all slurry tests the abrasive action of the alumina particles prevents any meaningful passivation from occurring and the anodic currents tend to remain in the active regime.
In figures 2 (b), (c) and (e) (coke orange and soda), there is a trend of increasing corrosion current with increasing applied load from loads 1-4N. At 5N, there is a decrease in corrosion current which is most likely due to the formation of passive films. It should also be noted that there is a much smaller change in corrosion current between 2N and 4N than 1N and 2N. Figure 3 shows this more clearly.
For the milk slurry figure 2(d) the situation is a little more complex. The 1N and 2N curves show a much higher corrosion current than the other loads however, this was thought to be due to an experimental error when inputting the corrosion area into the ACM polarisation tester.) Using the different area for loads 1N and 2N, input into the tester to calculate the corrosion current, it is found that there is an obvious minima in the corrosion current density at intermediate loads. It is also important to note that the corrosion potential for 5N was noticeably higher in milk than the other loads tested. This result appeared in both attempts at this experiment. It is accepted that the crude correction for the 1N and 2N corrosion potentials will have accuracy issues. 
Weight Change Data
The resulting wear scars and corrosive currents were analysed using the wear-corrosion analysis developed by Yue and Shi [13] . In this anaylsis
Where K ac , is the total micro-abrasion-corrosion weight loss, K a is the total micro-abrasion weight loss and K c is the total corrosive weight loss. It is important to understand that the phenomenon of wear-corrosion synergy requires the expansion of the terms K a and K c as:
where K ao is the pure micro-abrasion weight loss in the absence of corrosion and ∆K a is the synergistic effect of corrosion on the micro-abrasion.
K c is expanded as:
where K co is the pure corrosion weight loss in the absence of abrasion and ∆K c is the additive effect of micro-abrasion on the corrosive weight loss.
Collecting the terms in 3 and 4 and utilising equation 2, the total micro-abrasioncorrosion weight loss is defined as:
The term K ac was found from the resulting wear scars of the wear corrosion experiments. The corrosion rate data from the same experiment were derived using Faraday's Law as:
where K c is the corrosion rate, M is the atomic mass of the material, I is the measured corrosion current, t is the exposure time, Z is the number of valence electrons involved the corrosion of the steel and F is Faraday's constant (96500 C mol -1 ).
K ao was obtained by carrying out pure abrasion experiments with offset potentials which ensure that corrosion is only taking place in the cathodic regime.
These potentials were estimated using polarization curves obtained for the abrasioncorrosion experiments. Unlike most studies which tend to use a constant offset potential such as -1V for all pure abrasion experiments a series of offset potentials were used here with the aim of a near constant cathodic current density. Akonko et al discovered that the selected offset potential had a significant effect on the degree of hydrogen embrittlement and that the resulting wear varied by up to 1 order of magnitude depending on the selected cathodic protection potential [14] . It can be hypothesised that the degree of embrittlement is related to the number of reduced hydrogen ions which itself is related to the resulting catholic current (It is recognised that there will be other cathodic reduction reactions). Therefore in order to ensure that the same degree of hydrogen embrittlement occurs on all wear samples, the cathodic current and not the cathodic potential is the most important factor here. Plotting all of the polarization curves from the abrasion-corrosion experiments together makes it possible to determine a common current in the cathodic regime for all of the tested loads and solutions. This was determined to be 7x10 -3 mA/cm 2 . This current was then used to select the required offset potential for each of the individual experimental conditions to calculate K ao . The range of these offset potentials varies from -600mV to -900mV. This method has the advantage over selecting a constant offset potential in that a constant offset potential tends to lead to a varying offset current for varied experimental conditions and as a result the degree of hydrogen embrittlement also varies between loads and solutions etc. K co was estimated by placing the corrosive cell (ie sample + working electrode, reference electrode and counter electrode) in a beaker containing the relevant test solution and Silver Chloride powder. The resulting corrosion current of the exposed static surface was then used to calculate the corrosion only rate utilising the Faraday law as explained previously.
All other values can be calculated using equations 2, 3 and 4.
During the analysis of the obtained results it became apparent very quickly that the weight losses due to abrasion dwarf the weight losses due to corrosion. This is to be expected of stainless steels which are regularly chosen for their strong corrosion resistant properties. Plotting all weight loss contributions on the same graph -which has become standard procedure in such studies -produces a graph which is interpreted with difficulty and for that reason the results for Kac Ka and Kc have been plotted on separate graphs (figures 3-5).
Both figures 4 and 5 are almost identical due to the almost negligible contribution from corrosion in all conditions tested.
For the corrosion plots (figure 3) it can be seen that the soda and cola plots are very similar, with the results for the cola slightly above those for soda which is to be expected due to its lower pH value. Orange also shows a similar plot to cola and soda which is inclined upwards from left to right. It is important to note that orange is also at a much higher position than the cola and soda plots. The exception to the trends shown for the other solutions is the plot for milk. It is possible however that the milk plot will show similar behaviour if the load range is extended.
For the abrasive plots (figure 5) cola and orange tend to follow the Archard equation of wear [15] which can be written as:
V is the removed volume, S is the total sliding distance, W the applied load and k the specific wear rate.
Soda also follows this equation from 1-4N however a sudden drop in wear rate is encountered at 5N for soda. It is interesting to note that in the abrasive plots, milk also shows the greatest deviation from the Archard equation and also the plots for the other solutions. All experiments were run twice to identify and minimise errors. A plot of the associated errors for Milk during abrasion-corrosion can be seen in figure 6 . The average K ac errors for Cola, Orange, Milk and Soda are ±15.2%, ±25.7%, ±20.5%, ±13.6% respectively. This gives an average experimental error of ±18.75%. The errors associated with corrosion measurements were all smaller than the smallest K ac error. 
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Discussion
Polarization Data
It can be seen that the corrosion current is greatest for cola and lowest for soda in the beaker experiments ( figure 2(a) ). The trend of increasing corrosion current with decreasing pH values has been observed previously [17] . However, it should be noted that previous observations identify negligible difference in corrosion rate between pH 4 and 10. In the beaker experiments conducted here, there is a reduction between corrosion rates for milk (pH 6.7) and soda (pH 7.8). In the original diagram, there is a reduction in corrosion rate at pHs above 10. This is believed to be due to an increase in the reaction of oxygen with Fe (OH) 2 (hydrated iron oxide) to form the more protective Fe 2 O 3 . It can be hypothesised that the presence of CO 2 bubbles in the soda may cause this change to occur at a lower pH than in non-gaseous solutions as shown here.
Using Pourbaix diagrams for Iron, Chromium and Nickel [18] , we can predict the active and passive potentials for all of the solutions tested. It should be noted that the potential range tested here does not show clearly the passive regimes for low pH solutions such as cola and orange which should occur above 0.5V. It can be seen in figure 2 that there are slight kinks in the curves for cola and orange between 250 and 500 mV. These kinks tend to immediately precede passivation behaviour. The reduction in anodic current for orange at a potential range -600mV to -100mV is not likely to be true passivation and is likely to be a pre-passivation phenomena. For Soda and Milk the kinks occur at -250mV and350mV respectively. It is interesting to note that in general the passivation potentials tend to follow that which is predicted by the associated Pourbaix diagrams, (ie decreasing passivation potential with increasing pH). However, it should be noted that the presence of gas bubbles in the soda and cola has the effect of increasing the passivation potential in high pHs (ie milk passivates before soda) and decreasing the passivation potential in low pHs (ie cola passivates before orange). It is not fully understood why this happens.
The polarisation curves which are obtained for the abrasion -corrosion experiments (figures 2(b-e)) do not show the same increase in corrosion current with decreasing pH. Instead they show a different relationship with a general increase in current with increasing solution viscosity. This is an interesting result. A possible explanation is that the higher viscosity is acting as a lubricant which in turn allows easier movement of contact surfaces which in turn removes more passive film.
Weight loss data
It is evident from figures 3-5 that there is a complex relationship which determines the resulting weight loss at each load. The important variables which have been identified are the applied load, solution pH and solution viscosity. The pHs and solution viscosities are summarised in table 4. pH measurements were taken using a Hanna instruments HI 8424 digital pH tester. Rheological experiments were not conducted here and viscosity data was taken from [19] [20] [21] Increasing solution viscosity is an important parameter as it acts to reduce surface friction up to certain speeds and viscosities as determined by a Stribeck curve [22] . The reduction in surface friction results from increasing film thickness with increasing viscosity at a constant speed and load. This will also affect the transitions in wear regime as has been found by Williams and Hyncica [23] where the transition from 3 body to 2 body wear has been identified as proportional to the ratio (D/h), where D is the major axis particle diameter and h the film thickness. It should be expected that higher viscosity fluids will transition to 2 body wear at higher loads than the lower viscosity fluids tested here.
Figure 8 A Stribeck Curve [22]
It is found from calculation that for all loads and solutions tested, only the boundary lubrication and mixed hydrodynamic lubrication regimes of the Stribeck curve are relevant and there should be no chance of increasing surface friction with increasing viscosity due to fluid drag for the loads and speeds tested here. That said, Stribeck curves are concerned with systems which are predominantly 2 body (ie 2 body with a small quantity of non-intentional particles between) and the existence of a deliberate 3 rd body in the systems tested here will complicate the relationships seen in the Stribeck curve. It is interesting to note that once the wear mode transitions to 2 body wear, the applied load will be supported by a much smaller surface area of a few larger particles which separate the two surfaces and as a result the applied pressure will increase significantly which will have the effect of pushing the lubrication regime significantly leftwards in the Stribeck curve and into the boundary lubrication regime.
It can be seen for the total abrasion-corrosion plot in figure 4 that viscosity does indeed have an effect on the total wear rates by reducing friction. Soda, which has the lowest viscosity, and thus the highest surface friction values shows the highest wear rates whereas cola and orange which exhibit higher viscosities show much lower wear rates. This assumption is supported by the wear scar images in figures 7(b) and 7(d) which show far more severe wear in the soda scar than the cola scar. Milk also tends to show a slightly higher wear rate than soda and cola, however the relationship between viscosity and wear is not very linear and there are discrepancies here. It is interesting to note that the difference between cola and orange is quite significant in terms of measured viscosity however this difference is not so evident in the obtained wear rates. It is possible that cola shifts to a much higher viscosity value when exposed to high heat and pressure such as at the contact interface. It is also possible that the highly viscous constituents of colas (high fructose corn syrup) may not be removed from the contact interface as rapidly as the water content and gradually a highly viscous film of these constituents accumulates at the contact interface reducing friction.
To analyse the various wear regimes and transitions it is helpful to utilise the Adachi and Hutching analysis [24] for the severity of wear in each scenario. The wear severity is defined using the following formula:
where S is the severity, W the applied load in Newtons, A the surface area of the wear scar in m 2 , v the volume fraction abrasive and H' which is defined using the following formula:
where Hs is the hardness of the test specimen and Hb is the hardness of the counterface ball. The following map ( figure 9 ) from a recent paper [25] by J Bello et al summarises the relationship between severity and hardness ratio which was discovered by Adachi and Hutchings [24] . In all experiments tried in this paper the value of Hs/Hb ≈ 0.5. Figure 10 shows a plot of the various severity values obtained for each solution at each load. In general it can be summarised that increases in severity push the wear mode toward the 2 body region whilst decreases result in the wear mode moving toward a 3 body regime.
Figure 10
To further aid in the analysis it is helpful to consider the wear mode groupings developed by Stack et al [26] . The wear mode groups are summarized as the following: table by Stack [26] indicate that for all solutions except milk the wear mode is 2 body grooving between 1 and 4N. The exception to this rule is orange at 1N and 2N which may exist in the mixed regime on figure 9 . This is a valid hypothesis as the original map in figure 9 was developed for tribo-corrosion of steel in pure water which has a lower viscosity than orange. It is therefore possible that the slightly higher viscosity orange which has a greater lubricating effect could extend the mixed mode region and incorporate the wear severity of orange at 1N and 2N. This would explain how at low loads the wear mode can transition in orange from a 2 body severity to a lower severity 3 body mode. At intermediate loads the orange is likely to move into a 2 body grooving regime due to increasing severity.
At higher loads there is an obvious transition to 2 body ridging/oxidative wear in the Soda and this may occur at intermediate loads depending on the regions of the error bars at each load which are selected. The transition to 2 body ridging in cola and orange at higher loads is not quite as obvious and again depending on the regions of the error bars which are selected at each load, a transition to 2 body ridging may not occur at all for these solutions in the load range tested. This observation would be in correlation with the earlier prediction that a transition to a 2 body ridging mode would occur at higher loads in more viscous solutions due to the relationship (D/h) [23] .
The corrosive wear rates (figure 3) in all solutions except milk follow a similar trend which is to increase sharply between 1N and 2N then a much smaller increase between 2N and 4N (corresponding to an increase in wear severity which is 2 body dominated), followed by a decrease in corrosive wear rate between 4N and 5N for all solutions except milk. The change in corrosive wear rate at intermediate loads is likely to be due to the formation of passive films due to higher loading and more surface heat/oxidation. At intermediate loads from 2N-4N, the formation of these films is almost balanced by the increased removal of the films due to higher loading and there is little difference in the corrosion rate with increased applied load. At higher loads, however, oxidative wear predominates which corresponds with a change in mechanical wear mode as described above and the corrosion current drops significantly due to resistance from thick oxide layers. It is interesting to note however that the evidence of oxidative wear in the corrosion wear rates (figure 3) for orange and cola at 5N is not supported by an obvious change in mechanical wear mode. It is possible that in orange and cola at 5N the wear mode is indeed ridging/oxidation dominated; however, the oxide layer is not fully cohesive yet which contributes to an increase in mechanical wear rate seen in figure 5 .
Finally, it should be noted that the increase in corrosive wear rate (figure 3) between 2 and 4N is greater in orange than in soda and cola. This is attributed to a greater reduction in lubricating film thickness with applied loading which reduces the system resistance and increases corrosion current [27] . The unloaded film thicknesses of soda and cola are smaller and thus the decreases in film thickness with applied loading are less significant.
For milk, there is a similar situation to the other solutions. However, the transition to 2 body ridging wear occurs at 3N which is 1N lower than any evidence of a transition to 2 body ridging wear in soda ( figure 5 ). This is interesting as the milk has a slightly higher viscosity than soda and going on the relation between (D/h) alone [23] , the milk should transition at a higher load than soda. This transition is supported by a peak in severity at 3N on figure 10 . A number of variables including pH, viscosity and the presence of gas bubbles may account for the transition at higher loads in soda. Above 3N, there is a likely increase in wear rate over the remaining increases in loads due to a transition back to 2 body grooving which is within the error bars (figure3) and corresponds to a gradual increase in corrosive wear rate (figure 5) due to the removal of passive film.
Maps
A standard procedure in the mapping of micro-abrasion corrosion is to produce different maps of mechanisms, wastage and tribo-corrosive synergy. The regimes used in the production of these maps have been taken from various papers completed by Stack et al [9] [10] [11] 28] . The information used to construct these tables can be found in Appendices 1-3.
The regimes for the mechanism map are as follows:
Kc/Ka ≤ 0.1 micro-abrasion 0.1< Kc/Ka ≤ 1 micro-abrasion-corrosion 1< Kc/Ka ≤ 10 corrosion -micro-abrasion Kc/Ka > 10 corrosion As previously stated the mechanical wear rates in all experiments were much larger than the corrosion wear rates and as a result the entire mechanism map (figure 11) is found to be micro-abrasion dominated.
The wastage map regimes from [9] have been modified by a factor of 0.4 which takes into account the shorter sliding distance in this paper. The wastage map for this work is shown in figure 12 
Figure 12 Wastage Map (Load versus Viscosity)
It was determined from experimental results that there is a much more significant relationship between total losses and solution viscosity as opposed to solution pH. From figure 12 it can be seen that the lowest wastages occur at low loads and high viscosity. Interestingly cola shows lower wastage for a greater range of loads than milk and orange despite its lower viscosity. This may be attributed to the accumulation of highly viscous constituents which are not fully represented in rheological experiments for cola. Additionally there is a notable lower material loss at 5N in soda than at 4N. This will likely be due to oxidative and 2 body ridging effects. Figure 13 shows another version of the map with load versus pH plotted.
Figure 13 Wastage Map (Load versus PH)
For the abrasion-corrosion synergy map the following regimes were used [28] ∆Ka/Kao ≤ 1 Low Synergy 1 < ∆Ka/Kao ≤ 10 Medium Synergy ∆Ka/∆Kc >10 High Synergy
Medium Antagonism ∆Ka/Kao < -10 High Antagonism
Additionally a 7 th regime was defined as the transition regime. After examining the experimental errors and varying values of Ka by the experimental error ±18.75% the transition regime is defined as any part of the map which can change sign from synergy to antagonism on varying the value of Ka through the extremes of its error. This regime is useful as it separates extreme gradients between synergy and antagonism and tends to occur between the borders of these two regimes on maps which consider the most important variables. The abrasion-corrosion synergy map is shown in figure 14 . It can be seen that medium loads and higher viscosities produce synergistic conditions whilst combinations of either high loads and low viscosities or low loads and high viscosities produce antagonistic conditions. An analysis of the various contributions to the synergy map showed that the additive effect (corrosion enhanced by abrasion) was only significant for milk at 1N whilst the rest of the map was dominated by the synergistic effect (abrasion enhanced by corrosion).
It is interesting to note that at low loads and viscosities there is no definite regime and a large transition region exists. However it should be remembered that the lowest loads produced the smallest readings and as such these measurements were most sensitive to experimental error. (It is possible that more thorough investigation is required in the transition regions of figure 14 as they do not show an obvious bias towards either synergy or antagonism). An additional synergy map of load versus pH was produced during this work and can be seen in figure 15 . This indicates, that although viscosity tends to show a clearer relationship in determining synergy at certain load scenarios as shown above, the effect of pH in determining the synergy/antagonistic transitions is less clear. Further work will be required to assess this relationship in more detail. It can be hypothesised that both milk and soda experience antagonistic and transition regimes for the majority of loads tested due to the formation of protective passive films in the anodic regime. However, Pourbaix diagrams for steel indicate that exposure to orange and cola should result in dissolution in the anodic regime over the potentials tested and antagonistic behaviour cannot be attributed to passive film formation. Additionally, the presence of synergy regimes at 3 and 4N for Soda and Milk respectively indicate that some other variable is playing an important role which is likely to be solution viscosity. It is possible that corroded metals ions may alter the solution viscosity which will in turn have an effect on the contact friction coefficient. It is also possible that the formation of passive films and corroded surfaces will alter the surface roughness which has been shown to be an important factor in determining the surface friction coefficient [29] . It is impossible to say how corrosion affects solution viscosity at the moment and important further work will be to look at the synergy relationship under more controlled conditions (ie constant pH). Hence, the above research indicates that the tribo-corrosion behaviour of stainless steel in soft drinks is more complex than originally perceived due to the differential effects of solution viscosity on the degradation rate. The results have provided a means of generating novel micro-abrasion corrosion maps indicating mechanism of wastage and levels of synergy/antagonism as a function of load, pH and solution viscosity. Further work will be to addresses the areas above in addition to considering the performance of other replacement materials in such conditions.
Conclusions (i)
An attempt has been made to document the tribo-corrosive wear regimes which are encountered by Stainless Steel dental materials during exposure to common drinks. It has been found that a complex relationship exists between the total wear rates and the solution pH, viscosity and the applied loading.
(ii)
In all experiments the majority of weight loss can be attributed to mechanical wear which in most cases is several hundred times greater than electrochemical wear. As such the influence of viscosity tends to dominate as it has been shown to have the effect of decreasing surface friction via lubricating films which reduces the overall mechanical wear. The solution pH has a diminished role due to the low corrosion rates and it appears that the corrosion rates in abrasion -corrosion are more influenced by solution viscosity than pH.
(iii) Wastage maps as well as abrasion-corrosion synergy maps have been plotted to further illustrate and explain the results obtained. It was found that both viscosity and solution pH play important roles in determining the tribocorrosive synergy regimes and further work is required to separate the effect of each variable. 
